Abstract Peanut (Arachis hypogaea) is an important source of protein and lipid globally. The effect of superheated-steam roasting on quality of peanut oil was evaluated based on physicochemical quality parameters. Three roasting temperatures (150, 200, and 250°C) were used for different periods of roasting time and the obtained results were compared with those of conventional roasting. At 250°C, superheated-steam roasted peanuts yielded more oil (26.84%) than conventionally roasted peanuts (24.85%). Compared with conventional roasting, superheated-steam roasting resulted in lower oil color, peroxide, p-anisidine, free fatty acid, conjugated diene and triene, and acid values and higher viscosity and iodine values in the roasted peanut oil. These values were significantly different from each other (p \ 0.05). The fatty acids in roasted peanut oils were affected by roasting temperature and time for both the roasting modes. The superheated steam technique can be used to roast peanuts while maintaining their favorable characteristics.
Introduction
Peanut oil is one of the important vegetable oils in human diet in many countries. The major compositions of peanut are protein (27-29%) and oil (40-50%) [1] . Mechanical pressing and solvent extractions are the two most commonly used methods for peanut oil extraction. Among these two methods, mechanical pressing is less efficient owing to its low ability to recover oil, which is in the range of 40-60%. On the other hand, solvent extraction could yield 90-98% of oil recovery. However, solvent extraction has several disadvantages (when compared with mechanical pressing): (1) lower-quality protein in oil cake produced, (2) high required investment, and (3) high energy requirement [2] . Oil color and viscosity are essential physical parameters to evaluate edible oil quality which is directed to the marketplace. Furthermore, these parameters have been monitored throughout the processes based on the commercial standard fixed to maintain consistent oil quality. There have been several studies on the determined color and viscosity of edible oils such as almond, canola, corn, grape seed, hazelnut, olive, sunflower, sesame, soybean, and walnut oils [3, 4] .
Like all vegetable oils, triglycerides are the major component of peanut oil and they contain glycerol and fatty acids such as palmitic (C16:0), stearic (C18:0), oleic (C18:1), linoleic (C18:2), arachidic (C20:0), eicosenoic (C20:1), behenic (C22:0), and lignoceric (C24:0) acids. Among these fatty acids, oleic and linoleic acids are the major factors towards the peanut oil nutritional quality. Moreover, these two fatty acids constituted 80% of the total fatty acids of peanut oil, which has a significant effect on the stability of the oil [5] . A past study concluded that the oleic to linoleic acid ratio contributes highly to the stability of peanut oil, where a high ratio indicates more stable oil [6] . This ratio varies among peanut variety and could be affected during peanut processing steps [7] . A major concern with roasted peanut and peanut products is lipid oxidation and production of off flavors during the roasting process. Lipid oxidation is a major concern in the peanut roasting industry as oil constitutes 50% of peanuts.
The normal convection roasting method is commonly used for roasting cocoa beans at different temperatures (120-250°C) and for different durations (60-120 min). This method has certain disadvantages because of traditional ways of heating and energy transfer. Zzaman and Yang [8] reported that convection roasting induces burn flavor, undesirable color, acrylamides, and loss of antioxidant properties of cocoa beans due to prolonged heating. Superheated steam cooking involves introduction to food of superheated steam vapor that is generated from water heated at a temperature above the saturation temperature under the given pressure. The advantages of superheated steam cooking include an increase of heat transfer, which enhances thermal degradation; provision of an oxygen-free environment in which food oxidation is prevented; an accelerated drying rate, which relates to energy efficiency [8, 9] . In this study, the effect of superheated steam and conventional roasting at three different temperatures to certain quality attributes of peanut oil were determined based on physicochemical properties such as total oil yield; oil color; oil viscosity; and peroxide, iodine, free fatty acid, acid, p-anisidine, conjugated dienes and trienes values, and fatty acids.
Materials and methods

Sample preparation
Runner-type raw peanuts (average length: 1.85 cm ± 0.16; moisture content: 5.05 ± 0.23%/weight) obtained from Georgetown, Penang, stored in a chiller (7°C), and allowed to equilibrate at room temperature before roasting. The peanuts (100 g) were placed in a single-layer plate and roasted using a superheated steam oven (Healsio, AX-1500 V, SHARP) under the superheated steam and conventional modes (normal without steam). Each roasting was conducted at 150, 200, and 250°C for different roasting times. All procedures were conducted in triplicates.
Oil extraction
All raw peanuts and peanuts roasted using superheated steam and conventional roasting at three different temperatures for each roasting time were pressed using the hydraulic pressing technique. In cocoa-based industries, roasting is one of the important unit operations in cocoa processing. Roasting has significant impact on the quality of cocoa products. The roasting temperature and times were selected in this study based on our previous studies [8, 9] . A manually operated hydraulic press was used to obtain peanut oil via pressing. Around 300 g of samples were weighed and placed into a mould before being pressed using a hydraulic presser. The pressure of presser was maintained at 100 kPa.
Physicochemical properties
it's the peroxide, p-anisidine, iodine, free fatty acid, acid, and conjugated dienes and trienes values were obtained according to the AOAC [10] method for both raw and roasted peanuts at each roasting temperature and time. All samples for physicochemical analysis were prepared in triplicates.
Color determination
Oil color for raw and roasted peanuts for each roasting mode, temperature, and time were measured using a Minolta CM-3500D colorimeter (light source, pulsed xenon arc lamp; reflectance, d/8; measurement time, 2.5 s) after calibration against white and black glass standards. Colors were expressed as CIELAB color values (L*, a*, b*), where the L* value represents the lightness to darkness gradation, the a* value represents the greenness to redness spectrum, and the b* value represents the blueness to yellowness spectrum. All samples were measured in triplicates.
Viscosity analysis
Viscosity of raw and roasted peanut oils for each roasting mode, temperature, and time were measured using a viscometer. Around 30 ml of oil was placed into cube glass, which was then placed onto a viscometer. Viscosity of the oil was expressed in mPa s. All samples were measured in triplicates.
Fatty acid determination
The fatty acids in peanut oil were determined using gas chromatography with a flame ionization detector (GC 2010 Plus, Shimadzu with AOC 5000, Shimadzu, Osaka, Japan). The BPX70 (70% Cyanopropyl polysilphenylene-siloxane, 30-m length, with a 0.25 lm film coating, 0.25 mm ID, SGE France) capillary column was used to determine the fatty acids. The detailed procedure for fatty acid analysis is discussed in our previous study [11] .
Statistical analysis
Data analysis was performed using the general liner model (GLM) and post hoc analysis was conducted using Tukey Honestly Significant difference (HSD) in the Statistical package for social science (SPSS) software version 17.0 (IBM Corporation, Armonk, New York, USA). The statistical analyses were performed at a 5% significance level.
Results and discussion
Total oil yield
Raw peanuts yielded 15.94% of oil, while peanuts roasted using superheated steam and conventional roasting at 150°C for 5 min yielded 16.25 and 19.96%. The total oil yield increased with roasting time in both roasting modes (Table 1) . At low temperature of 150°C, peanuts roasted using superheated steam yielded lower amounts of oil compared with conventionally roasted peanuts. However, opposite trends were observed at higher temperature (250°C), where peanuts roasted using superheated steam yielded more oil in comparison with conventionally roasted peanuts. For example, 25.51% oil was obtained in peanuts roasted with superheated steam at 250°C, while 22.85% oil was obtained for conventionally roasted peanuts. According to Li et al. [12] , the peanut oil yield increases slightly with temperature from 130 to 150°C and decreases the total protein content from 84.33 to 51.40%. The maximum peanut oil yield was attained for roasting at 150°C for 20 min via conventional microwave heating, and the quality of oil was affected if higher temperature was applied during the roasting process. Approximately 40% oil has been extracted from peanuts via a typically followed series of steps including cracking into small pieces, cooking, and mechanical pressing extraction. The remaining oil is extracted using organic solvents (hexane), which is obtained via an evaporation-condensation system. The reduction of oil yield observed in this study could be attributed to the extraction method as well as extraction times (5-40 min only). Furthermore, it may vary because of the moisture content of peanuts before pressing, applied pressure, displacement or compression speed of the piston, cake thickness expressed as a function of mass of seeds per pressing unit area (kg/ cm 2 ), and pressing duration. The oil degradation process has been established as a free radical mechanism that yields hydroperoxides, also known as primary oxidation products, which are then degraded into aldehydes, ketones, lactones, alcohols, acids, and so on generally known as secondary oxidation products [13] . (20 min) . The reasons of lightening of peanuts during roasting could be attributed to the reduced moisture content, denaturation of proteins, and the concentrated amount of oil particles embedded in the protein matrix, which may impart whiteness to peanuts by scattering light [14] . Redness values of raw peanut oil was found to be -1.19, while it was -3.24 and -3.11 for superheated-steamroasted oil and conventional roasting peanut oils roasted at 150°C for 5 min. Superheated-steam-roasted peanut oil showed lower redness values than conventional roasting oil. The redness values of peanut oils increased with roasting time in both roasting modes. The redness value obtained at the initial roasting time (5 min), -3.12, increased to -1.61 at the final roasting time (20 min) for the superheated-steam-roasted peanut oil at 200°C. Similar trends were observed for conventional roasting at the same temperature (200°C), where the redness value obtained at the initial roasting time (5 min), -2.44, increased to -1.54 at the final roasting time (25 min). These increased redness values for both roasting modes were significantly different from each other, as indicated by different letter in Table 2 (p \ 0.05).
Raw peanut oil had a yellowness value of 15.04, while roasted peanut oils obtained via both roasting modes at 150°C for 5 min were 16.35 and 16.67, respectively. Yellowness values increased with the roasting times and temperatures for both the roasting modes. Superheatedsteam-roasted peanut oil roasted at 250°C showed a yellowness value of 17.33 at the initial roasting time (2 min), which increased to 19.91 at the final roasting time (10 min). A more intense color of oil can be obtained with longer roasting time. Browning substances in roasted peanut oil occurred due to the Maillard reaction, caramelization, and phospholipid degradation, which increased with roasting time and temperature [15] . Several studies have reported a significant increase in oil color with increasing roasting time and temperature in samples such as rice germ and sesame seeds [16] . Megahad [17] reported a gradual darkening and increase of Lovibond color indices in peanut oil extracted after roasting with times. Triglycerides of peanut oil are slightly degraded during the roasting process and produced free fatty acids. Hassanein et al. [18] reported an increase in oil color intensity with the formation of browning compounds, which is caused by phospholipid degradation during the roasting process.
Oil viscosity
The viscosities of raw and superheated-steam-roasted (150°C for 5 min) peanut oils were respectively 53.60 and 61.33 mPa s ( Table 2 ). The viscosity of roasted peanut oils for both the roasting modes increased with roasting time.
For example, for superheated-steam roasting at 250°C, the oil viscosity was found to be 59.17 mPa s at the initial roasting time (2 min), which increased to 62.30 mPa s at the final roasting time (10 min). For conventional roasting at the same roasting temperature (250°C), the oil viscosity was 57.43 mPa s at the initial roasting time (5 min), which increased to 62.37 mPa s at the final roasting time (15 min). These increased values were significantly different from each other (p \ 0.05). Our results were found to be in the range of most vegetable oil viscosities (50-100 mPa s as) as reported by Besbes et al. [19] . Roasted peanut oil viscosity could be affected by the content of monounsaturated and polyunsaturated fatty acids. Oil viscosity increases owing to formation and polymerization of high molecular weight compounds including carbon-carbon and carbon-oxygencarbon bonds between fatty acids [20] .
Peroxide and p-anisidine values
The peroxide value of raw peanut oil was 1.05 meq/kg, while those of roasted peanut oils obtained via superheated-steam and conventional roasting at 150°C for 5 min were 1.12 and 1.16 meq/kg, respectively. The highest peroxide value (4.72 meq/kg) was obtained in conventional roasting oil after roasting at 150°C for 45 min. The lowest peroxide value (1.12 meq/kg) was obtained in roasted peanut oil obtained via superheatedsteam roasting at 150°C for 5 min. Peroxide values increased with roasting time in both roasting modes. The low peroxide value found in samples indicates slow oxidation of these oils [21] . According to Demian [22] , the peroxide formation is slow at first induction period, which may vary from a few weeks to several months depending on the oil and roasting temperature. In addition, the results showed that roasted peanut oil had a higher peroxide value because roasting of peanuts initiates lipid oxidation, which occurs during storage and increases the peroxide value of roasted peanuts [21] .
Raw peanut oil showed lower p-anisidine value (1.26) as compared to roasted peanut oils obtained via both roasting modes. For superheated-steam roasting at 200°C for 5 min, the p-anisidine value was 1.79, while it was 2.44 for conventional roasting under the same roasting conditions. However, no significant difference was noted between these two values, as indicated by same letter in Table 3 (p [ 0.05). The highest p-anisidine value (4.59) was found in roasted peanut oil obtained via superheated-steam roasting at 150°C for 40 min, whereas the lowest p-anisidine value (1.66) was found in roasted peanut oil obtained via superheated-steam roasting at 150°C for 5 min. The p-anisidine values of roasted peanut oil increased with roasting time for both roasting modes.
Peroxide value acts as an indicator for the formation of the primary oxidation product in peanut oil, while p-anisidine value indicates the level of secondary oxidation product formation [23] . The peroxide and p-anisidine values in peanut oil and sesame seed oil increased with roasting times and temperatures [24] . Formation of hydroperoxide during the roasting process caused an increased in the peroxide value with roasting time. The roasting process could promote development of undesirable and bad compounds such as oxidation products and pigments. This has a significant effect on oxidative stability based on peroxide values in refined canola and soybean oils [25] .
Iodine value
Iodine value of raw peanut oil was found to be 94.94, while it was 94.18 for roasted peanut oil obtained via superheated-steam roasting at 150°C for 5 min. Superheatedsteam-roasted peanut oil showed a higher iodine value (94.18) than conventional roasted peanut oil (88.05). Iodine values decreased with increasing roasting times and temperatures for both roasting modes. For example, for superheated-steam roasting at 250°C, the iodine value was 91.16 at the initial roasting time (2 min) and decreased to 89.14 at the final roasting time (10 min). For conventional roasting at the same roasting temperature (250°C), the iodine value was 89.15 at the initial roasting time (5 min) and decreased to 88.22 at the final roasting time (15 min). These decreased values for both the roasting modes were significantly different from each other, as indicated by a different letter in Table 3 (p \ 0.05).
Iodine value was observed to decrease with increasing roasting time, which could be attributed to reduction of unsaturated fatty acids because of oxidation, Effect of superheated-steam roasting on peanut oil 915 polymerization, and breakage of long chain fatty acid [26] . Yoshida et al. [27, 28] reported a significant decrease in iodine value with a decrease of molecular species containing more than four double bonds as increase of roasting time for sunflower seed and peanut oil.
Free fatty acid and acid values
Free fatty acid of raw peanut oil was 1.83%, which is lower compared with the value for roasted peanut oil obtained via superheated-steam roasting at 150°C for 5 min (2.03%). The highest free fatty acid (2.83%) was determined in roasted peanut oil obtained via conventional roasting at 200°C for 25 min, whereas the lowest free fatty acid (1.83%) was determined in roasted peanut oil obtained using superheated steam at 250°C for 2 min. Acid values measures free fatty acid content in oil samples and is commonly used as one of the main indicators of peanut oil quality during the roasting process [29] . An increase in free fatty acids and acid values in the roasted peanut oil could be attributed to hydrolysis of triglycerides during the roasting process and the production of free fatty acids with diglycerides. Several studies have proved the occurrence of this reaction during roasting of olive oil, peanut oil, and sesame seed oil [30, 31] . [23] . An increased in roasting time could increase the formation of conjugated diene and triene present in triglyceride molecules [17, 27] . Conjugated diene and triene values in corn oil increased with roasting time [25] .
Conjugated diene and triene values
Fatty acid compositions Table 4 shows seven kinds of saturated fatty acids identified in roasted peanut oils. Major fatty acids found in all roasted peanut oils were C12:0 and C16:0 acids, followed by C18:0, C4:0, and C8:0 acids. The fatty acids can influence the quality and flavor of edible peanuts and peanut products. Even though eight major fatty acids are present in peanuts, C16:0, C18:0, C18:1, and C18:2 acids constitute approximately 90% of total peanut triglycerides. The high oleic to linoleic acid ratio characteristic could provide a significant health benefit to the consumer and has the potential to increase the marketability of peanuts [32, 33] . The highest C12:0 (14.89%) was identified in roasted peanut oil obtained via conventional roasting at 250°C for 10 min, whereas the lowest C12:0 (7.15%) was obtained in roasted peanut oil obtained via conventional roasting at 200°C for 25 min. Superheated-steam roasting resulted in higher content of C16:0 than conventional roasting. The highest percentage of stearic acid (4.13%) was identified in roasted peanut oil obtained via conventional roasting at 150°C for 25 min, whereas the lowest percentage of stearic acid (2.76%) was identified in roasted peanut oil obtained via superheated-steam roasting at 150°C for 40 min. Arachidic acid was only identified in roasted peanut oils obtained via superheated-steam roasting at 150°C for 40 min. Table 5 shows five kinds of unsaturated fatty acids identified in roasted peanut oil obtained via superheatedsteam and conventional roasting at three different temperatures: oleic, linoleic, a-linolenic, cis-11,14,17-eicosatrienoic, and erucic acids. Oleic acid had the highest percentage, followed by linoleic, cis-11,14,17-eicosatrienoic, and erucic acids. Raw peanut oil contained 28.78% of oleic acid, while roasted peanut oil obtained via superheated-steam and conventional roasting at 150°C for 5 min respectively contained 29.84 and 27.69%. The highest percentage of oleic acid found was 32.68% in roasted peanut oil obtained via conventional roasting at 150°C for 45 min, whereas the lowest percentage of oleic acid (26.10%) was found in roasted peanut oil obtained via superheated-steam roasting at 150°C for 40 min. According to Li et al. [12] , the technique of extraction used affects the total oil yields and the fatty acid constituents to Effect of superheated-steam roasting on peanut oil 917 a large extent. In this study, the least oleic acid was obtained via the pressing technique. This indicates that the extraction was incomplete. In another study, Zaidul et al. [34] reported that the short-chain fatty acids (low molecular weight) were extracted faster than the long chain fatty acids (high molecular weight). Linoleic acid contents in raw peanut oil, roasted peanut oil obtained via superheated-steam and conventional roasting at 200°C for 5 min were found to be 20.01, 19.41, and 18.60% respectively. Superheated-steam roasting afforded more linoleic acid than conventional roasting. The highest linoleic acid (21.45%) was found in roasted peanut oil obtained via superheated-steam roasting at 150°C for 5 min. a-linolenic acid was found to be 0.46% in raw peanut oil and 0.38% in roasted peanut oil obtained via superheated-steam roasting at 250°C for 5 min. Superheated-steam roasting afforded a lower percentage of alinolenic acid than conventional roasting.
Decrease in polyunsaturated fatty acids in soybean oil as subjected to roasting process reported by Hassanein et al. [18] . In roasted soyabean oil, saturated fatty acid content was more than the unsaturated fatty acids content. The roasting process could affect the compositional and nutritional quality of the fatty acids fraction in oil. The content of unsaturated fatty acids decreased as oil as the roasting process continued; however, saturated fatty acids did not affect much [18] . There are significant differences in fatty acid patterns of sesame seed oil during roasting. In another study, Nederal et al. observed an increasing and decreasing trend of fatty acids with roasting temperatures in pumpkin seed oil [35] .
Oil extracted from roasted peanuts via superheatedsteam and conventional roasting at three different temperatures (150, 200, and 250°C) for each roasting time were evaluated based on physicochemical properties. Superheated-steam roasting resulted in a higher percentage of oil than conventional roasting at higher temperature (250°C). Oil color was found to be lower with superheated steam. Free fatty acid, peroxide, and p-anisidine, conjugated diene and triene values of roasted peanut oil obtained via superheated-steam roasting were found to be significantly lower than those via conventional roasting. Roasted peanut oil obtained via superheated-steam roasting showed higher iodine value and oil viscosity than roasted peanut oil obtained via conventional roasting. The major fatty acids identified in roasted peanut oils obtained via both roasting modes were oleic acid, followed by linoleic, palmitic, lauric, erucic, and stearic acids. Each fatty acid constituting 
